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SEVERE ANEMIA IN YOUNG CHILDREN AFTER HIGH AND LOW MALARIA
TRANSMISSION SEASONS IN THE KASSENA-NANKANA DISTRICT
OF NORTHERN GHANA
KWADWO A. KORAM, SETH OWUSU-AGYEI, GREG UTZ, FRED N. BINKA, J. KEVIN BAIRD,
STEPHEN L. HOFFMAN, AND FRANCIS K. NKRUMAH
Noguchi Memorial Institute for Medical Research, University of Ghana, Legon, Ghana; Navrongo Health Research Centre,
Ministry of Health, Navrongo, Ghana; United States Naval Medical Research Unit Number Three, Cairo, Egypt;
Naval Medical Research Center, Silver Spring, Maryland
Abstract. Malaria and anemia accounted for 41% and 18% respectively of hospital deaths in the Kassena-Nankana
district of northern Ghana during 1996. We measured hemoglobin (Hb), malaria prevalence, and anthropometric
indices of 6—24-month-old infants and young children randomly selected from this community at the end of the high
(May–October, n  347) and low (November–April, n  286) malaria transmission seasons. High transmission season
is characterized by rainfall (the equivalent of 800–900 mm/yr.), while the remaining months receive less than 50 mm/
yr. Severe anemia, defined as Hb  6.0 g/dL, was 22.1% at the end of the high transmission season compared to
1.4% at the end of the low transmission season (Odds Ratio [OR]  20.1; 95% CI: 7.1–55.3). Parasitemia was 71%
and 54.3% at these time points (OR  2.1; 95% CI: 1.5–2.9). Nutritional anemia appeared to have little impact upon
this seasonal difference since anthropometric indices were comparable. Although the relative contributions of other
causes of severe anemia were not assessed, repeated malaria infections may be a primary determinant of severe
anemia among infants and young children during the high transmission season.
INTRODUCTION
Anemia is one of the leading causes of childhood mor-
bidity and mortality worldwide.1 In many malaria-endemic
areas, anemia is among the leading causes of morbidity and
mortality in hospitalized patients. It has been observed that
in malaria-endemic areas, the incidence of severe anemia
and age-specific rates of anemia strongly correlate with the
intensity of Plasmodium falciparum transmission,2 and that
significant improvements in hematological indices have been
seen after malaria control trials.3,4 While there may be sev-
eral causes for the anemia, P. falciparum infection is be-
lieved to be a major contributory factor to the etiology of
severe anemia seen in malaria endemic areas. This may be
a result of direct destruction of parasitized red blood cells
through immune mechanisms that destroy both parasitized
and non-parasitized red cells, or suppression of the bone
marrow as a result of the infection. Kurtzhals and others
have recently reported that some of these mechanisms may
operate in asymptomatic infections in Ghanaian school chil-
dren.5 We report here the prevalence of severe anemia (he-
moglobin concentration  6.0g/dL) seen among infants and
young children aged 6–24 months at the end of the high and
low malaria transmission seasons in the Kassena-Nankana
district. This study was part of a larger study that investi-
gated the incidence of new malaria infections among the
population which will be reported separately.
MATERIALS AND METHODS
Study area. The study was conducted in the Kassena-
Nankana district in northern Ghana, an area that has been
demographically well-characterized.6 In summary, the dis-
trict lies in the sub-Sahelian region of West Africa and is
bounded on the north by part of the international border
between Ghana and Burkina Faso. Annual rainfall averages
approximately 850 mm, almost all of which occurs in the
wet months of May–September, the rest of the year being
dry. One of the main features of the area is a large reservoir
in the center of the district that provides water for irrigation.
Malaria transmission in the district occurs throughout the
year, although there is very little transmission towards the
end of the dry season, except for compounds sited near the
few permanent bodies of water.6
Study population. The district population of approxi-
mately 175,000 has been followed regularly since 1993. The
children who participated in the present study were random-
ly selected from enumeration clusters of the Navrongo De-
mographic Surveillance System (NDSS). Two cross-section-
al surveys were conducted at the end of the low and high
malaria transmission seasons to select children for a malaria
incidence study. Children were eligible to enter malaria in-
cidence study if they were aged between 6 and 24 months
at the beginning of the study, were not suffering from any
acute or chronic illness at the time of enrollment, were going
to reside in the area for the following 6 months, and their
parent(s) or guardian(s) agreed to their participation in the
study. Investigational review boards at the Naval Medical
Research Centre, NAMRU #3, and the Ministry of Health,
Ghana, approved the study protocol.
At enrollment, all the children were weighed, examined
physically for signs of illness, and had their axillary tem-
perature taken. A blood smear was made for the identifica-
tion and quantification of malaria parasites and hemoglobin
estimated using a Hemocue photometer (Leo Diagnostics,
Sweden). They were also screened for the presence of glu-
cose 6 phosphate dehydrogenase (G6PD) deficiency using a
qualitative visual fluorescence method for the presence of
G6PD in whole blood (Sigma Diagnostics, St. Louis, Mo.).
The test is used to distinguish normal from grossly deficient
samples. Hemoglobin genotype was determined by gel elec-
trophoresis of a filter paper blot at Noguchi Memorial Insti-
tute for Medical Research. All children who qualified and
whose parents gave informed consent to take part in the
study were then enrolled. Children with hemoglobin concen-
trations less than 6g/dL were excluded from the associated
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TABLE 1
General characteristics of study children
First child cohort (end of high
transmission season) n  347
Second child cohort (end of low
transmission season) n  286
Mean age (mo.) (95% CI) 15.0 (14.4, 15.6) 14.8 (14.1, 15.4)
Sex
Male (%)
Female (%)
51.9
48.1
50.2
49.8
Mean WFA-z-Score (95% CI)
% with G6PD deficiency
2.20 (2.3140, 2.0264)
7.1
2.19 (2.3471, 2.0366)
10.05
Hb phenotype (%)
A
AS/AC
SS/SC/CC
66.2
29.7
4.1
69.6
26.9
3.5
WFA  weight for age; G6PD  glucose 6 phosphate dehydrogenase; Hb  hemoglobin.
TABLE 2
Comparison of the cohorts seen at the end of the high and low transmission seasons in the Kassena-Nankana district
Characteristic
First child cohort (end
of high transmission
season) (n  347)
Second child cohort (end of
low transmission season)
(n  286) OR (95% CI) P value
Parasite rate
Parasite densitya
Proportion with Hb  6.0g/dL (%)
Mean Hb. (95% CI) g/dl
Proportion of children with Hb  6.0g/dL and
parasitemia (%)
70.0%
1074 (40–103,990)
22.1
7.2 (7.0, 7.4)
81.8% (n  66)
54.3%
1118 (40–39,520)
1.4%
8.9 (8.7, 9.1)
100% (n  4)
2.1 (1.5, 2.9)
20.1 (7.1, 55.3)
0 (0, 8.11)
0.001
NSb
0.0001
0.00001b
NSc
Proportion of children with Hb  6.0g/dL and
parasitemia (%)
Proportion of children with fever (%)
Proportion of febrile children with severe anemia
(Hb  6.0g/dL) (%)
Proportion of febrile children with parasitemia (%)
67.9% (n  259)
10.8%
43.2% (n  37)
71.4% (n  37)
53.6% (n  278)
3.3%
0% (n  9)
77.8% (n  9)
1.84 (1.27, 2.65)
3.56 (1.69, 7.52)
0.001
0.0001
0.02c
NS
OR  odds ratio; CI  confidence interval; Gometric Mean Parasite Density (range); Student’s t-test; Fisher’s exact test, NS  not significant at P  0.05; Hb  hemoglobin.
malaria incidence study but are included in this report. All
blood slides were stained with Geimsa stain and examined
under oil immersion with a light microscope (ocular mag-
nification 1000). All microscopic examinations were done
the same day by the study microscopist. Parasite densities
were estimated by determining the number of parasites per
200 white blood cells and multiplying by 40. A slide was
declared negative after the examination of 100 high power
(1,000) fields.
Data analysis. Differences between the two child cohorts
(high and low transmission seasons) with respect to malar-
iometric indices were tested using 2 for proportions and
Student’s t-distribution for means. Parasite counts were log
transformed [log(x1)] and densities reported as geometric
mean densities [antilog of log((x1)/n) where x is the par-
asite count per 	l of blood and n is the total number of
children with parasitemia]. Statistical significance is reported
at P  0.05.
RESULTS
A total of 347 children were screened at the end of the
high transmission season in November 1996 and 286 chil-
dren were screened at the end of the low transmission season
in May 1997. The two child cohorts were comparable in
terms of age, sex, and anthropometric characteristics (Table
1) as expected because each child cohort was randomly se-
lected from the database of the Navrongo Demographic Sur-
veillance System. The prevalence of G6PD deficiency and
hemoglobinopathies were also similar in the two groups of
children; no episode of hemolysis was observed following
administration of primaquine for radical cure.
Table 2 shows the results of univariate analysis comparing
children seen at the end of the high transmission season with
those seen at the end of the low transmission season. An
arbitrary hemoglobin concentration of 6.0 g/dL was used to
define eligibility for the malaria-incidence study on the
grounds of anemia. Based on this criterion, more than one
out of every 5 children (22.1%) screened at the end of the
high transmission season was found to be ineligible. This
figure was significantly lower at the end of the low trans-
mission season (1.4%); odds ratio (OR [95% CI]  20.1
[7.1, 55.3]); P  0.0001. At the end of the high transmission
season, the mean hemoglobin concentration was 7.2 g/dL
(7.0, 7.4) compared to 8.9 (8.7, 9.1) at the end of the low
transmission season (P  0.0001). Figure 1 shows the dis-
tribution of hemoglobin values seen among the two child
cohorts. Almost all hemoglobin values below 6 g/dL were
seen at the end of the high transmission season while he-
moglobin values above 12 g/dL were mainly seen among
children at the end of the low transmission season.
The prevalence of fever (axillary temperature  37.5
C)
was significantly higher (10.8%) at the end of the high trans-
mission season (range, 37.5–39.7
C, mean 38.1
C) than at
the end of the low transmission season (3.3%) OR  3.56
(1.69, 7.52), P  0.001; (range, 37.5–39.2
C, mean 37.9
C).
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FIGURE 1. Scattergram showing the distribution of hemoglobin values seen among the two cohorts, the first child cohort seen at the end
of the high transmission season (H17009) and the second child cohort seen at the end of the low transmission season (●). Many more children seen
at the end of the high transmission season had hemoglobin values below 6 g/dL, while all of those with Hb  12 g/dL were seen after the
low transmission season. Missing values are shown on the zero line.
Forty-three percent (16 of 37) of febrile children seen at the
end of the high transmission season were also severely ane-
mic, while none of the nine febrile children at the end of the
low transmission season was anemic. The mean Hb of fe-
brile children at the end of the high transmission season was
6.3 (5.7, 7.0) g/dL compared to 8.3 (7.2, 9.4) g/dL for febrile
children seen at the end of the low transmission season (P
 0.005). Indeed, even for afebrile children the mean he-
moglobin level was significantly lower at the end of the high
transmission season (mean Hb  7.3 [7.1, 7.5]) than at the
end of the low transmission season (mean Hb  8.9 [8.7,
9.1], P  0.001). At the end of the high transmission season
the mean (Hb) was lower in those with fever than those
without fever (6.3 [5.7, 7.0] g/dL versus. 7.3 [7.1, 7.5], P 
0.002). This difference was not found at the end of the low
transmission season.
Children seen at the end of the high transmission season
were more likely to have P. falciparum infection (70.1%)
than children seen at the end of the low transmission season
(54.3%); OR  2.1 (1.5, 2.9), P  0.001. Infections were
almost entirely due to P. falciparum, which accounted for
more than 98% of infections seen. Other infections were due
to Plasmodium malariae and Plasmodium ovale. The geo-
metric mean parasite densities were similar at the end of
both transmission seasons high transmission season, mean 
1,111, range (40–103,900) and low transmission season,
mean  1,118, range (40–39,520). However, heavy infec-
tions (parasite densities  20,000/	l) were more prevalent
at the end of the high transmission season (5.1%) compared
to the low transmission season (2.6%), but this difference
was not statistically significant (OR  2.01 [0.59, 8.72]).
Febrile children tended to have higher parasite densities than
afebrile children. At the end of the high transmission season
the geometric mean parasite densities among febrile and afe-
brile children were 1,879 (857, 4,124) and 1,026 (795,
1,326), respectively, (P  0.13). The respective mean values
seen at the end of the low transmission season were 2,631
(290, 23,845) and 996 (720, 1,377), (P  0.20).
The prevalence of anemia was also analyzed with respect
to parasite densities. At similar intensities of parasitemia
children seen at the end of the high transmission season were
more likely to have lower Hb than children seen at the end
of the low transmission season (Figure 2). The differences
in the mean Hb concentrations were significantly different
at the lower parasite densities but not at higher parasite den-
sities. However, Hb concentration was still considerably less
in children seen at the end of the high transmission season
even at higher parasite densities.
DISCUSSION
The primary objective of the main study was to determine
the incidence of P. falciparum infections in young children
aged 6–24 months in the Kassena-Nankana district. In this
paper, we have reported data acquired at the time of enroll-
ment into the longitudinal study. A very high prevalence of
anemia was observed at the end of the wet season, corre-
sponding to the high malaria transmission season in the dis-
trict.6 Among this randomly selected cohort of children, the
prevalence of anemia (hemoglobin  6.0 g/dL) was 22.1%
at the end of the high malaria transmission season compared
to 1.4% among children seen at the end of the low trans-
mission season. The prevalence of parasitemia was 70% at
the end of the high transmission season and 54.3% at the
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FIGURE 2. Chart showing the mean hemoglobin levels and average parasite density among children seen at the end of the high transmission
season (dark bars) and at the end of the low transmission season (lighter bars). In all categories of parasite densities, mean hemoglobin values
were higher at the end of the low transmission season compared to the high transmission season. Error bars are standard errors of the mean
(s.e.m).
end of the low transmission season. However, there was no
difference between the intensity of infection as measured by
geometric mean parasitemia in those with parasites seen at
the end of both transmission seasons. There was also no
seasonal variation in nutritional status as measured by an-
thropometric indices. Febrile episodes were more common
at the end of the high transmission season and a higher pro-
portion of febrile children had coincident parasitemia.
Anemia in children is a commonly reported problem in
hospitals and clinics in malaria-endemic countries. In the
Kassena-Nankana district anemia accounted for approxi-
mately 20% of all admissions in the year preceding the com-
mencement of this study. In a recent study in the same area,6
Binka and others reported significant malaria morbidity
among children of 6–24 months of age. In that study, the
authors reported that children in this age group suffer most
from the effects of P. falciparum infection, although parasite
rates in this population peak at a later age. Children aged 6–
24 months had the lowest mean hemoglobin levels, the high-
est geometric mean parasite densities, and the highest prev-
alence of fever coincident with P. falciparum infection.
Infection with P. falciparum is known to be one of the
major causes of childhood anemia in malaria-endemic areas.
In epidemiological studies a strong correlation has been re-
ported between the incidence of severe anemia, age-specific
rates of anemia, the intensity of P. falciparum transmission,
and also malaria control trials being followed by marked
improvements in hematological indices in children.3,4,7 Ma-
laria transmission in this area is intense and seasonal with
most of the infections occurring during the rainy season. In
the main study, the malaria attack rate was 8 infections per
child per year during the rainy season, compared to 5.2 per
child per year during the dry season. During the dry season,
almost all infections occurred during the first part of the
season (attack rate  5.1 per child per year) compared to
the latter part when the attack rate was only 0.9 infections
per child per year (Baird and others, unpublished data). Chil-
dren were, therefore, very likely to have suffered from re-
peated attacks of malaria during this period. If the attacks
were frequent enough that there was not enough time for
complete recovery from one infection, a marked drop in he-
moglobin levels would have resulted by the end of the trans-
mission season.
The mean hemoglobin level at the end of the high trans-
mission season was significantly lower than that reported in
the same age group of children from the previous study by
Binka and others in 1994.6 With the spread of chloroquine
resistance in sub-Saharan Africa, it is likely that the efficacy
of chloroquine treatment will be reduced considerably in
most areas resulting in poor hematological recovery, espe-
cially in children in areas of intense malaria transmission.
Such a situation has been reported from sites in East Africa,
where there is high prevalence of chloroquine-resistant P.
falciparum,8 and recently in Cote d’Ivoire with only mod-
erate level of chloroquine-resistant P. falciparum.9 In a re-
cent study of the situation in Ghana, only 60% of infections
in the northern part of the country were found to be sensitive
to chloroquine treatment with the prevalence of resistance
index responses as high as 31% (Koram and others, unpub-
lished data). Thus, the frequent infections during the high
transmission season coupled with a probable reduction in the
efficacy of chloroquine treatment, the drug of choice in the
area, are likely to have contributed to the 22% prevalence
of severe anemia seen at the end of the high transmission
season.
In this study, the parasite densities were similar at the end
of both transmission seasons. The degree of anemia associ-
ated with P. falciparum infection has not always been pro-
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portional to the severity of parasitemia seen; anemia has of-
ten been reported when parasitemia has waned.10,11 This
could be due to the fact that most reported studies deter-
mined the level of anemia and the intensity of infection at
the same time. Presumably, the level of anemia is a cumu-
lative effect of several episodes of infection and the intensity
of infection determined at the same time as the hemoglobin
concentration is not a good indicator of the hemoglobin con-
centration. The report presented here is also the result of two
cross-sectional studies and would have suffered from the
same deficiencies. However, in our larger incidence study,
the frequency of infections was significantly higher in the
wet season than in the dry season (Baird and others, unpub-
lished data).
Malarial anemia has been postulated to be secondary to
direct destruction of both infected and non-infected red
blood cells and also to suppression of bone marrow function
as a result of the infection.5 Topley (1968) in The Gambia
showed that the seasonal fall in hemoglobin values in adults
could be prevented if malaria parasitemia was cleared or
reduced by administration of pyerimethamine prophylaxis.12
The relatively high prevalence of anemia observed at the end
of the high transmission season opens up the possibility of
using incidence of anemia as a primary outcome variable for
the effects of novel intervention tools such as vaccines, at
least in areas of high malaria transmission.
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